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Abstract

VVon Willebrand disease (VWD) is a common bleeding disorder with prevalence in the United
States of 0.01% to 1% and a prevalence in the region around Milwaukee, Wisconsin of at least
0.025%. Care of local patients with VWD primarily occurs through our comprehensive treatment
center, although some patients are managed solely by their primary care physician or community
hematologist. Type 1 VWD is the most common subtype, with more females carrying this
diagnosis than males. Diagnosis and treatment in general follows guidelines outlined by the
National Institutes of Health. An ongoing study, the Zimmerman Program for the Molecular and
Clinical Biology of VWD, is currently enrolling patients with all VWD subtypes across the US in
order to better delineate the extent of VWD and correlate bleeding symptoms with laboratory
findings and VWF (von Willebrand factor) sequence variations. Results so far have shown that
VWF gene polymorphisms are common, particularly in African Americans, and may affect
laboratory assays of VWF function.

INTRODUCTION

von Willebrand disease (VWD) is a common inherited bleeding disorder. The prevalence of
VWD has been estimated at anywhere from 0.01% to 1% depending on the population
studied and the criteria used for diagnosis.>:2 The prevalence of type 3 VWD in North
America has been given as 1.38 per million.2 The International Society on Thrombosis and
Haemostasis has recommended that in order to diagnose VWD, the patient should have a
personal history of bleeding, family history of VWD or bleeding symptoms, and laboratory
results suggestive of VWD.4

In our clinic, we follow over 1000 VWD patients. Of those patients, 865 are type 1, 82 type
2, and 6 type 3 with a small number of patients with as of yet undefined VWD (table 1).
Figure 1 shows the distribution of VWD patients in our local population. These patients
come from a referral population which consists of the Milwaukee area, plus parts of northern
Wisconsin, northern Illinois, and the upper peninsula of Michigan. The population of this
region is slightly over 4 million, yielding a VWD prevalence of 0.025%. It is likely,
however, that there are many patients with VWD not cared for at our center, as referral to a
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hematologist does not always result in the patient being referred to the Comprehensive
Center for Bleeding Disorders.

Additional information on the distribution of VWD in the US is provided by the Centers for
Disease control. Hemophilia treatment centers (HTCs) are encouraged to enroll VWD
patients in the Universal Data Collection program, which has yielded useful information
regarding diagnosis and treatment of those patients with congenital bleeding disorders cared
for in HTCs.5 As of December 2010, there were 4912 type 1, 628 type 2, and 332 type 3
VWD patients.® Of these patients, the male:female ratio was 1:1.6 for the type 1 patients, but
closer to equivalent for types 2 and 3 with ratios of 1:1.2 and 1:0.8 respectively. The
increased number of females with type 1 VWD likely reflects the common presentation with
menorrhagia and subsequent diagnosis of a bleeding disorder. It is not clear whether there is
truly an increased prevalence in women or merely an increase in the diagnosis of type 1
VWD in this population. Type 1 patients represented 84%, type 2 patients 11%, and type 3
patients 6% of those with defined VWD.® The majority (75%) were Caucasian. This
population may be more heavily weighted towards those with more severe disease than
observed in Milwaukee, reflecting the referral patterns in the US and the fact that many
centers do not enroll patients with milder forms of VWD in the Universal Data Collection
project.

THE ZIMMERMAN PROGRAM FOR THE MOLECULAR AND CLINICAL
BIOLOGY OF VWD

In order to better explore the diagnosis of VWD in the United States, a study has been
initiated similar to ones undertaken in Canada and Europe.”:8 The Zimmerman Program for
the Molecular and Clinical Biology of VWD is a multicenter study enrolling both healthy
controls and VWD patients. Eight primary centers, in Milwaukee, Atlanta, Detroit, Houston,
Indianapolis, lowa City, New Orleans, and Pittsburgh, provided the healthy controls,
representing all ethnicities, as well as the bulk of enrolled VWD subjects. Numerous
secondary centers (21 to date) also contributed smaller numbers. To date, 246 normal
controls have been recruited, along with 502 index cases, primarily carrying a diagnosis of
type 1 VWD but also including type 2 and type 3 subjects.

Analysis of the VWD patients is ongoing, but the healthy controls have already yielded
some data of interest. The Zimmerman Program is unique by design in that a large number
of African American controls were enrolled. For the purposes of this study, self-
identification of race was provided by the subject at the time of enrollment. The racial
distribution of controls enrolled to date is 28% African American and 65% Caucasian (with
the remainder Middle East, Far East, and Native American). 13% of the subjects identified
as Hispanic. African American subjects were over-represented compared to the distribution
of races within the US, where African Americans comprise 6.2% of the Wisconsin
population and 12.9% of the US population.

The African American subjects display a wide range of polymorphisms. One in particular,
D1472H, was associated with a decrease in the VWEF ristocetin cofactor to VWF antigen
(VWF:RCo/VWF:Ag) ratio.® These ratios were low enough in some cases to qualify for a
diagnosis of type 2M VWD had the subject been under investigation for a bleeding disorder.
However, none of the healthy controls with this polymorphism had an elevated bleeding
score. Subjects homozygous for the D1472H polymorphism had a VWF:RCo/VWF:Ag ratio
that was lower than those heterozygous for the polymorphism, while both were decreased
compared to subjects without this polymorphism (figure 2). The effect was independent of
race, although the frequency of the 1472H allele was much higher in African Americans
(approximately 63%) as compared to Caucasians (approximately 17%).
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In addition to the 1472H polymorphism, an exon 18 mutation, H817Q, that has been
previously reported in type 2N VWD also occurs with increased frequency in African
American controls.19 The presence of the mutation was associated with decreased VWF-
FVIII binding, albeit with levels that are only slightly below the lower end of the normal
reference interval. The 817Q allele was present with a frequency of approximately 0.1,
predicting that one of 1000 African Americans should be homozygous for this allele. Given
the rarity of type 2N VWD in the African American population, it is possible that
homozygosity for the 817Q allele alone is insufficient to cause type 2N VWD but further
investigation is required to understand the clinical significance of this genetic variant.

DIAGNOSIS OF VWD IN THE US

Recently, the National Heart, Lung, and Blood Institute (NHLBI) of the National Institutes
of Health issued guidelines for the diagnosis, evaluation, and management of VWD.1! These
guidelines are meant for all medical practitioners involved in the diagnosis and care of
VWD patients, and are the result of expert consensus. The NHLBI guidelines have also been
synthesized into recommendations for the obstetrics and gynecology literature.12 Variability
in diagnosis and treatment of VWD exists, in part due to regional practice and in part due to
the variety of clinicians who care for these patients.

Diagnosis of VWD is primarily based on VWF:Ag and on the VWF:RCo activity assay.
Many laboratories perform these assays, while relatively few are able to perform VWF
multimer analysis. Specialty laboratories may offer a more complete panel of tests to
distinguish VWD variants. The laboratory at the BloodCenter of Wisconsin, for example,
provides factor VIII activity (FVI1II:C), VWF:Ag, VWF:RCo, and VWF multimers together
as a “VWD profile”. Blood type is also sometimes obtained, as VWF levels do vary by
blood type.13 Our protocol is outlined in table 2. Some US reference laboratories provide
VWE collagen binding (VWF:CB) as part of their routine von Willebrand panel. Most
clinicians do not routinely perform collagen binding, but the ratio of VWF:CB/VWF:Ag
may be a more sensitive screen for type 2A and 2B VWD than the VWF:RCo/VWF:Ag
ratio.1415 The VWF:CB/VWF:Ag ratio alone, however, may miss some forms of type 2M
VWD, although there have been reports of VWD mutations that do specifically affect VWF-
collagen binding without a concomitant decrease in VWF:RCo.16-18

Confirmatory testing is not generally available in most hospitals but some specialty
laboratories do offer further testing. At the BloodCenter of Wisconsin, low-dose ristocetin-
induced platelet binding is available to confirm a diagnosis of type 2B VWD and factor VIlII
binding (VWF:FVIIIB) is available to confirm a diagnosis of type 2N VWD. Ristocetin-
induced platelet aggregation may be helpful in suspected 2B or platelet-type VWD. DNA
sequencing may be useful in select cases of VWD. Reports of mutation analysis by other
groups suggest that in type 1 VWD, chances of finding a mutation are greater in those
patients with low VWF levels, in particular with VWF:Ag <30 1U/dL.1%:20 Our center
currently offers VWD subtype-specific sequencing for type 2A, 2B, 2M, and type 1C
(clearance) VWD, as well as platelet-type VWD. Type 2B and platelet-type VWD are both
“gain-of-function” defects, with similar clinical presentations. Making a distinction between
these entities is important because treatment recommendations differ. While laboratory
diagnostic protocols for distinguishing these syndromes have been published, distinction
using phenotypic assays is difficult for most clinical laboratories. Gene sequencing should
greatly improve diagnostic accuracy.

Our local clinical experience is consistent with the report of Favaloro, suggesting that the
majority of patients with “gain-of-function” defects have type 2B VWD.21 We currently
have 9 patients with type 2B VWD and 1 with platelet-type VWD, or approximately 10%
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platelet-type and 90% type 2B VWD. The sequencing experience of our Hemostasis
Reference Laboratory, which receives samples from across the US, is similar, with 59 cases
of type 2B VWD in contrast to 4 cases of platelet-type VWD (6.3%). Whole gene
sequencing is not performed routinely, since this is not yet of clinical utility due to the
massive number of polymorphisms also contained within the VWF gene.22:23 There are US
laboratories offering full length VIWF sequencing, but in general this is not performed
outside of research applications.

Assessment of the diagnosis and treatment of VWD in the US is complicated by the fact that
not all patients are seen by hematologists, or by hemophilia treatment centers (HTCs).
Referral patterns vary greatly among practitioners, such that some patients are sent on to see
a specialist and some are diagnosed and managed in the primary care setting without referral
to a hematologist. The majority of pediatric patients are referred to a pediatric hematologist,
many of them affiliated with HTCs. In some areas, however, the only pediatric hematologist
available may be someone whose primary practice is in oncology. For adults, the decision to
refer to a specialist is in the primary physician’s hands. Adult hematology in the US is often
a practice that combines “benign hematology” with management of leukemia and
lymphoma. Thus, often adult hematologists do not focus on bleeding disorders. This means
that many patients with VWD, especially mild VWD, are not followed by HTCs such as the
Comprehensive Center for Bleeding Disorders. Of course some patients, in particular those
with the most severe forms of VWD, are referred to HTCs, but this is not the case for the
majority of adults.

In our practice, a complete von Willebrand disease workup consists of FVIII:C, VWF:Ag,
VWF:RCo, and VWF multimer distribution (table 2). A complete blood count is usually
performed to evaluate the platelet count, which is typically (but not always) decreased in
type 2B and platelet-type VWD.24 Most patients have had preliminary screening tests
performed prior to arrival in our clinic, including CBC (complete blood count), PT
(prothrombin time), and APTT (activated partial thromboplastin time). If these have not
been performed, we include them with our workup, along with a thrombin time for
evaluation of fibrinogen. Additional testing is performed as needed to clarify the diagnosis,
particularly for type 2 variants (with diagnostic criteria outlined in table 3). At this time, we
do not routinely perform VWF:CB in all patients, only those enrolled in a research protocol
such as the Zimmerman Program. We expect that VWF:CB may play a larger role in the
future. Patients are diagnosed with type 3 VWD if there is undetectable VWF:Ag and
VWEF:RCo. Frequently the VWF:Ag and VWF:RCo are rechecked to confirm low levels
before a definitive diagnosis is made, often in conjunction with a trial of desmopressin for
type 1 patients. Although a trial of desmopressin is not typically performed as part of the
diagnostic workup, it may be important in distinguishing those patients with a clearance
defect (type 1C) who have an initial response to desmopressin but a significantly shortened
half-life.2526 Type 1 VWD is diagnosed if the VWF:Ag and VWF:RCo are <30 (some use a
cutoff of 35-40) 1U/dL, while those with VWF:Ag and VWF:RCo between 30 (or 35-40)
and 50 1U/dL are labeled as “deficiency of VWF”; a cutoff of 30 is consistent with the
NHBLI guidelines. Many of the patients with “deficiency of VWF”, however, are treated
perioperatively in a similar fashion to those with lower VWEF levels, particularly if they have
a past history of bleeding symptoms.

TREATMENT OF VWD IN THE US

Treatment of VWD in the US varies by subtype. Most patients with type 1 VWD receive
desmopressin as first line therapy. This may be administered intravenously or via intranasal
spray. Some clinicians have used subcutaneous administration but this is not an FDA-
approved route of administration in the United States. Several intranasal desmopressin
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preparations are at present available, such that clinicians must be careful to specify the
preparation with a sufficiently high desmopressin concentration (Stimate®, 150 mcg/spray,
CSL Behring) in order to achieve a therapeutic effect. The exception is those patients with
clearance defects (type 1C) who may experience a rise in VWF:Ag and VWF:RCo in
response to desmopressin but who rapidly clear their endogenous VWF.25 In these patients,
VVWE-containing concentrates are chosen to achieve sustained therapeutic VWF levels.
Some type 2 patients may also receive desmopressin for minor bleeds such as epistaxis, in
particular our type 2A patients, who may have a clinical response despite a lack of durable
rise in VWF levels. Surgical treatment or major bleeds, however, are treated with VWF-
containing concentrates. Use of desmopressin for type 2B VWD has been thought to be
relatively contraindicated, but not all patients will have significant thrombocytopenia with
its use. If a desmopressin trial is performed in type 2B VWD patients, platelet counts are
monitored carefully. The NHBLI guidelines support the potential use of desmopressin in
these patients.11

The intravenous form of desmopressin is generally used before surgical procedures, while
the intranasal form may be administered at home to treat minor bleeding episodes such as
prolonged epistaxis or menorrhagia. A test dose of desmopressin is usually administered in
order to document responsiveness. VWF response is examined at 1 hour post administration
as well as 2 and/or 4 hours post administration to evaluate for a potential clearance defect.
One concern with the use of desmopressin is the risk of hyponatremia and subsequent
seizures. Patients are instructed to monitor fluid intake and restrict fluids to maintenance
levels for 24 hours following desmopressin administration.2’ However, patients who neglect
to follow these instructions may present with seizures due to the hyponatremia. Some
organizations recommend checking sodium levels after desmopressin administration,
although this is not performed in all cases and may be unnecessary in low-risk settings (such
as older children and adults receiving a single dose of desmopressin). Hyponatremic seizures
following use of desmopressin have been reported for both adults and children.28.29

Antifibrinolytic drugs are used for mucosal bleeding, particularly following tonsillectomy or
tooth extraction or for women with menorrhagia. In the US, aminocaproic acid has been the
only option for many years, but oral tranexemic acid has recently been approved by the US
Food and Drug Administration (FDA). Oral administration is used for menorrhagia and
post-tonsillectomy surgical prophylaxis, while topical administration is used for prevention
or treatment of bleeding following tooth extraction. For minor dental procedures, treatment
is given for 5-7 days and up to 14 days for multiple molar extractions; for tonsillectomy,
antifibrinolytic therapy is generally continued for up to 14 days or until the eschar is shed.

VWE-containing concentrates are the primary therapy for patients with type 2 and type 3
VWD, as well as for the more severely affected type 1 patient who does not mount a
hemostatic response to desmopressin or for those with accelerated VWF clearance. At this
time, plasma derived concentrates are used exclusively, although it is hoped that a
recombinant VWF concentrate will be available soon. Most patients are treated on demand,
but some type 2 and type 3 VWD patients with significant bleeding symptoms require
prophylaxis due to a history of chronic significant bleeding.30 Indications for prophylaxis in
our VWD cohort have included recurrent epistaxis with anemia, prevention of ovarian
hemorrhage after interruption of oral contraception in support of family planning, and
secondary prophylaxis of target joint bleeding. In the US, Humate-P® (CSL Behring) is the
predominant factor used for VWD, with VWF activity approximately 2.4 times that of the
FVIII activity per dose. Wilate® (Octapharma) was recently approved by the FDA for use in
VVWD. Its formulation, however, provides VWEF activity approximately equal to the FVII1I
activity rather than the comparative increase in VWEF activity over FVIII provided by
Humate-P. There are theoretical risks associated with elevated FVIII levels in the setting of
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other thrombotic risk factors, potentially leading to thrombosis, although this has not been a
major issue in VWD treatment to date. Alphanate® (Grifols) has also been licensed in the
US for VWF replacement therapy; the ratio of FVIII to VWF has been debated in the
literature but the labeling suggests that the ratio of VWF to FVIII may be near 1:1 in this
product.31

CONCLUSIONS

The prevalence of VWD in the US is approximately 0.01-1% based on various approaches,
with the local population in and around Milwaukee, Wisconsin demonstrating a prevalence
of 0.025% based on our referral data, but this is probably greatly underestimated due to the
fact that many patients, particularly those with mild disease, continue to obtain care through
community-based practices. Diagnosis utilizes consensus guidelines put forth by the NHLBI
consensus panel, although it should be kept in mind that many of the guidelines are not
evidence-based and may not be followed by all community practitioners or even by treating
hematologists. VWD diagnosis and management is best performed through hematology
specialists familiar with the complexities of this condition, such as those in a hemophilia
treatment center. Not all patients in the US, however, have ready access to this expertise.
Improving the diagnosis of VWD is one of the goals of the Zimmerman Program, but much
work remains to be done regarding treatment and quality of life for affected patients.
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i type 3

type 1

Figure 1.

VWD distribution by subtype in the Milwaukee area. Type 1 subjects (90.8%) are shown in
grey, type 2 (8.6%) in black, and type 3 (0.6%) in white. Type 1 VWD comprises the
majority of patients in our practice.
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VWEF:RCo/VWEF:Ag ratio varies depending on allele status of D1472H in both African
American and Caucasian healthy controls enrolled in the Zimmerman Program for the
Molecular and Clinical Biology of VWD. All subjects had VWF:RCo and VWF:Ag
performed at a central laboratory. No subject had a pre-existing diagnosis of a bleeding

disorder or an abnormal bleeding score.
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Table 1

VWD demographics for patients referred to the Comprehensive Center for Bleeding Disorders in Milwaukee,
Wisconsin

Number (%)

VWD type | 1 865 (90.8) 1
2 82 (8.6)
2A 39
2B 9
2M 23
2N 11
3 6 (0.6)

Undefined/Unclassified | 7g2

Sex Male 424 (44.5)
Female 529 (55.5)

Age <5 57 (6.0)
5-20 436 (45.8)
>20 460 (48.3)

'Zlncludes one patient with type 1 NY and 3 patients with type 1C (clearance).

Primarily patients with low VWF but not meeting specific diagnostic criteria, not included in total. If included, would represent 7.6% of total
VWD patients.
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Table 2

Laboratory studies performed in diagnosis of VWD

Initial workup VWF:Ag, VWF:RCo, FVIII:C, multimers{
If | VWF:RCo/VWF:Ag, abnormal multimers  LD-RIPA, VWF:PB, consider sequencing
If + VWF:RCo/VWF:Ag, normal multimers Consider sequencing

If | FVIIL:C/VWF:Ag VWF:FVIIIB

If 11 VWF:RCo and VWF:Ag VWFpp, survival studies

Abbreviations: VWF:Ag=VWF antigen; VWF:RCo=VWF ristocetin cofactor activity; FVIII:C=factor VIII activity; multimers=multimer
distribution analysis; LD-RIPA=low dose ristocetin-induced platelet aggregation; VWF:PB=VWF-platelet binding; VWF:FVIIIB=VWF-FVIII
binding; VWFpp=VWF propeptide.

1 ]
Repeat VWF:Ag and VWF:RCo to confirm low levels
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Table 3

VWD diagnosis by type

VWD diagnosis

Laboratory findings

Type 1

Type 1C
Type 2A
Type 2B
Type 2M
Type 2N
Type 3

1 (but proportional) VWF:Ag and VWF:RCo with normal multimers

1 VWF:Ag with 1 VWFpp/VWF:Ag ratio

1 VWF:RCo/VWEF:Ag ratio with abnormal multimers

1 VWF:RCo/VWEF:Ag ratio with abnormal multimers and 1 LD-RIPA, abnormal VWF:PB, possible thrombocytopenia
1 VWF:RCo/VWEF:Ag ratio with normal multimers

1 FVII:C/VWEF:Ag and abnormal VWF:FVIIIB

Absent VWF:Ag and VWF:RCo

Abbreviations: VWF:Ag=VWF antigen; VWF:RCo=VWF ristocetin cofactor activity; FVII1:C=factor VIII activity; multimers=multimer
distribution analysis; LD-RIPA=low dose ristocetin-induced platelet aggregation; VWF:PB=VWF-platelet binding; VWF:FVIIIB=VWF-FVIII
binding; VWFpp=VWF propeptide.
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